Generation of residual stress and structure deformation are the most important problems in the process of structure welding. Residual stresses inside and around the welded joints are harmful for integrity and proper functioning of the welded part. Tensile residual stresses near the weld zone may cause in developing brittle fracture, reduction of fatigue life or crack propagation caused by corrosion stresses. Welding residual stresses may even reach the yield stress of the part and can affect the thermal or mechanical working properties of it. Different thermal and mechanical approaches have been developed in the past in order to reduce these residual effects. Thus, both radiative and convective heat transfer methods have important roles in distribution of residual stresses during the welding process. In this study, convection and radiation effects on distribution of residual stress inside a welded part have been investigated for three different cases. In the first case, convection heat transfer was ignored and only effect of radiation on residual stress distribution was considered. In the second case, just the convection heat transfer applied on the model during the welding process. In another case, effects of radiation and convection heat transfer methods were investigated, simultaneously. Results of the current study showed that both radiative and convective heat transfer mechanisms have a significant share on distribution of residual stresses inside the welded part. It was also shown that the share of convection is greater than that of radiation heat transfer method.
Introduction
Residual stresses play a determinant role in many failure processes of engineering structures (Withers & Webster, 2001) . If unknown, they can cause failure when combined with applied stresses (Totten, 2005) . Residual stresses are often generated by thermal gradient in material neighborhood of component parts. Various techniques exist for generating residual stress in engineering structures such as shot peening, forging, quenching and welding. Welding has been used by human to create a permanent connection in metal structures traditionally.
Nowadays, welded components are widely used in industries. Residual stresses and their distortions in specimens are unavailable and relatively hard to determine in welding. Effect of residual stresses (by any generation source) in structures and distortions are too important, thus, determining the distribution of residual stresses is necessary. However, accurate prediction of residual stresses and distortions induced by the welding process is extremely complex because for this prediction various parameters in the thermal and mechanical behavior of specimen must be considered. These factors include moving heat source, local high temperature and temperature dependence of material properties; in predicting thermo mechanical behavior finite element simulation of the welding process is highly effective (Teng et al., 2001 ).
Various research results have been published by finite element method on the welding simulation to predict residual stress distributions in the weld structure (Ueda & Yamakawa, 1971; UEDA et al., 1993; Wang et al., 1996; Lindgren, 2001) . Previously, Glodak et al. (1984) recommended an effective 3D heat source model for calculating the temperature field from the welding process. This model has been very common for simulation of welding in different papers. In fact, for the correct modeling of welding process both of radiative and convectional, heat transfer must be considered in simulation. Each parameter has a great influence on the results. This means both of radiative and convective heat transfer methods have important roles in distribution of residual stresses during the welding process. In this paper, simulation of a three pass welded plates (see Fig. 1 ) is accomplished by an uncoupled thermal and mechanical analysis which temperature histories of nodes (output of thermal analysis) are applied as initial conditions in other mechanical analysis and finally residual stresses are obtained from thermal and mechanical analyses in each simulation. Convection and radiation effects on distribution of residual stresses inside a welded part were investigated for three different cases. In the first case, convection heat transfer was not considered and only effect of radiation on residual stress distribution was applied. In the second case, just the convection heat transfer applied on the model during the welding process. In original simulation of welding procedure, effects of radiation and convection heat transfer methods were investigated simultaneously. By comparing the results of these three cases, it is possible to find the share of each heat transfer method on distribution of residual stresses inside the welded part.
Finite element
The history of finite element goes back to hundreds of years ago, but during the past half century, the method has become popular. Finite element is one of the numerical methods and it finds an exact solution for a lot of problems where analytical methods are unable to solve the resulted problems. For this reason, numerical methods are essential in solution procedure. For better exposure, in Fig. 1 the TIG welding process on a plate is shown. As seen (also see Fig. 2 ) welding is performed in three passes. After finishing each pass, we need to wait for several minutes until the weld region cools. During the weld process, plate must be clamped correctly. These applications has been simulated carefully. Note that in this study, ABAQUS 6. 10-1 has been used for simulation of welded plate.
Fig. 1. a view of welded plate after welding under clamps

Material
In this survey, the material of the plate was chosen from 316L stainless steel. These material properties were derived in references. A view of size and position of weld region and three passes are shown in Fig. 2 for welding simulation. 
Uncoupled temperature-stress analysis
In simulation of plate, welding an uncoupled temperature-stress analysis was employed. In other words, this analysis has two main steps. In the first step, a heat transfer analysis was carried out and convectional and radiation heat transfer was simulated. Then, a stress analysis was done and temperature histories in previous step were applied to the model. This means output of the first analysis was temperature distribution in plate after welding procedure. Then, after finishing the stress analysis, desired stresses were obtained. Each step is described in forthcoming sections. On the other hand, equations recommended by Goldak et al. (1984) in heat source motion were used in simulation of heat generation in birth of weld elements by using a subroutine.
Note that three separate simulations were accomplished and for the real simulation of welding process, both heat transfer methods were considered. In other one, convection heat transfer was ignored and only the effect of radiation on residual stress distribution was considered, In third case, just the convection heat transfer was applied for the model during the welding process.
Thermal analysis
In the thermal step, the plate model and welding region was exactly modeled. Fig. 3 shows the plate and welding zone and boundary conditions during welding.
. After modeling, thirty four steps were required to complete the modeling. It is necessary to mention that in simulation of current study, "birth and death" technique was employed to generate the welded region. At first, elements considered for weld zone must be removed. In next steps, each part of passes must be generated or born. This means all elements must be created; including those weld fillers to be "born" in later stages of analysis.
After removing elements in first step, in next stages, first pass of weld must be born. For first welding pass, ten transient heat transfer steps were accomplished. Totally, times of steps estimated about 200 seconds (in other words, each step take a time about 20 second for generating the elements). This time determined by experimental procedure of welding. After finishing the first pass generation, one step of about 500 seconds was considered for cooling the specimen. Then, the second pass was completed in next ten steps. After finishing the second pass, one step was put for cooling the specimen. Also, third pass was carried out with this procedure. Finally, at the end of welding whole of the specimen was cooled down. For correct simulation in each step, radiation and convective heat transfer must be considered. As said before, to check the effect of each kind of heat transfer, three models were simulated. In continue the results of each simulation will be shown. DFLUX is user subroutine to define non-uniform distributed flux in heat transfer which used in simulation of heat flux motion.
After determining the steps and interactions and loading the situations, meshing on the model was performed. For doing this task, the elements used near weld region were put finer. Fig. 4 shows the elements near weld zone. 
Fig. 5. contour of temperature after weld process
Output of thermal analysis is three .odb files for three separate condition of simulation. These three outputs must be applied as initial conditions in three-stress analysis to achieve those desired results for every three samples.
Mechanical analysis
In the mechanical analysis, the temperature history of nodes obtained from the thermal analysis input as a thermal loading into the structural model. Thus, at each time increment, strains and stresses can be measured. In addition, the final residual stresses condition will be achieved by the thermal strains and stresses. This means during each weld pass, thermal stresses are calculated from temperature distributions determined by the thermal mode. The residual stresses from each temperature increment are added to each point to determine match mechanical behavior of the model before the next temperature increment. The material was assumed to follow the Von Mises yield criterion. Phase transformation was not considered in the current work in all simulations especially near yield stresses such as the near-melting state because the lack of material information. Figure 6 shows the residual stresses distribution after finishing the cooling process in main simulation that all heat transfers are considered.
Fig. 6. Distribution of Von Mises stresses after cooling
By finishing the simulations, we now compare the results in each case. Two models where one of them was radiation and the other one did not consider convection heat transfer method are compared in Fig. 7 along weld line. 
Radiation excluded Convection excluded
As is shown in this figure, residual stresses that obtained by convectional heat transfer are more than those achieved by radiation method.
Other comparison that is very important in this research is associated with residual stresses measured by superposition of convection where radiation methods are more than obtained residual stresses by original simulation. Both of these methods of heat transfer are considered, simultaneously. This fact clearly is shown in Fig. 8 . Effect of each heat transfer technique alone is less than its effect in addition to the other technique effects. All simulation results are shown in Fig. 9 . In this figure, residual stresses obtained by each three cases are shown. These cases are: original simulation where all heat transfer methods were been considered, simultaneously, simulation without convection consideration and simulation with consideration of convection heat transfer alone. More, superposition of these recent cases is shown in this figure, too.
Fig. 9.Comparing four cases results
Three welded plates with different heat transfer states have been modeled. In each case, stress distribution has been achieved. Solution of these simulation were very time consuming and onerous, but it was worth the advantageous results. Results clearly show stress distribution in three cases has similar shape but they are in different range. On the other hand, it can be realized from the result that the effect of each method of heat transfer decreases. It maybe occurred because of opposite influence of these two methods along with two other factors, which reduces other factor effects. Both of heat transfer techniques have great influences in stress distribution (of course the effect of convection is more). In many papers, the radiation is not considered for simple simulation, this work increase the errors and simulation has less similarity to real conditions of welding process.
Conclusion
Results of this research can be summarized in following bullet points:
 Stress distribution in three cases (original simulation, convectional ignored and radiation ignored) have the same shape but are in different ranges.
 Convective heat transfer technique has more effect on the residual stresses where welding causes inside the specimen. However, radiation heat transfer effects are not negligible at all.
 Superposition of stresses which achieved by each method alone are more than residual stresses that obtain by all of them in original simulation of welding.
